A nosocomial multiresistant Klebsiella pneumoniae strain (KMDO 1) isolated from a patient with an infected ventriculoperitoneal (V-P) shunt was found to contain three plasmids of mol. wts ( lo6) c. 85, 50 and 2-4. A derivative isogenic strain (KMDll) carrying only the plasmids of mol. wts (lo6) 50 and 2.4 was obtained spontaneously by plating the parent strain. The absence of the plasmid of mol. wt 85 x lo6 in strain KMDl 1 correlated with an increased adherence to V-P catheters and glass surfaces, as well as autoagglutination in minimal medium. Bacterial cells containing the whole set of plasmids (strain KMDOl) also showed the incorporation into the outer membrane of a new polypeptide (mol. wt, c. 41 x lo3), when grown in minimal medium. The presence of this polypeptide correlated with absence of autoagglutination, as shown by strain KMDO 1 under these cultural conditions. These data suggest that the cell-surface characteristics in K . pneumoniae may be affected by the plasmid content of the strain. Since nosocomial strains of K. pneumoniae usually contain one or more plasmids, and strains easily exchange these extrachromosomal elements, it seems reasonable to speculate that new variants with higher V-P shunt colonisation effectiveness, like the one described in this work, may also evolve in nature.
Introduction
Permanent ventriculoatrial and ventriculoperitoneal (V-P) shunts are currently used for the treatment of hydrocephalus. Infection of the shunt and consequently induced ventriculitis is one of the most frequent complications of this surgical treatment. The temporal relation between the onset of symptoms of shunt infection and the preceding shunt surgery (insertion or revision) varies considerably from a few days to several months (Schoenbaum et al, 1975) . Clinical, bacteriological and experimental evidence suggests that in most of the infections the causative organisms gain access to the shunt at the time of operation (Bayston and Lari, 1974; Schoenbaum et al., 1975) . However, the pathogenic mechanisms involved in the microbial colonisation of the shunts are not yet completely known.
It has been demonstrated that bacterial adherence to epithelial-cell surfaces is an important first step in the initiation of certain infections, like those occurring in the oropharynx and in the urinary tract (Fader and Davis, 1980; Ayars et al., 1982) . Similarly, the adhesion of bacteria to smooth surfaces of prosthetic devices seems to be an important step in the onset of infections of these medical devices (Bayston and Penny, 1972; Christensen et al., 1983) . Moreover, this property may be an important mechanism in the survival and persistence of microorganisms in an infected catheter, even after proper antibiotic therapy (Peters et al., 1982) .
We have previously observed that multiresistant plasmid-containing strains of Klebsiella pneumoniae are a frequent and troublesome cause of nosocomial shunt infection in hydrocephalic patients who had cerebrospinal fluid (CSF) shunts inserted at the Children's Hospital of Buenos Aires (Denoya et al., 198 1). Furthermore, we have previously analysed colonised shunts removed from infected patients by scanning electronmicroscopy, and shown that several gram-positive and gram-negative pathogens were able to stick to V-P catheters, developing microcolonies predominantly located in holes and other irregularities found in the inner surfaces of implanted shunts (Guevara et al., 1981) .
The aim of this work was to examine further the bacterial factors that could be important in the adhesion of these pathogens to the shunt surfaces. We therefore investigated the adherence to V-P catheters in vitro of two related multiresistant plasmid-containing strains of K . pneumoniae.
Materials and methods

Bacterial strains
Klebsieflapnemoniae strain KMDOl was obtained from the infected CSF of a hydrocephalic child with an implanted V-P shunt. The shunt was implanted when she was 1 month old, and it had to be removed 1 year later because of infection with Staphylococcus aureus. A new shunt was implanted; this time it became infected with a nosocomial strain of K. pneumoniae, with an antibiogram similar to that reported for strain KMDOl (see below). Because the patient was very compromised, antimicrobial therapy was administered intramuscularly and intrathecally, without shunt replacement. After 2 weeks the patient had recovered and was discharged from the hospital. During the following year she had some nonspecific complaints such as sporadic fever, vomiting, and signs of increased intracranial pressure, until an infection became manifest again. At that time, K. pneumoniae strain KMDOl was isolated; it was resistant to ampicillin, cephaloridine, sisomicin, tobramycin, gentamicin, kanamycin and chloramphenicol. Because this strain was suspected to have persisted within the shunt since the time of operation, it was selected for study.
K. pneumoniae strain KMDl 1 was a spontaneous derivative of strain KMDOl, isolated after in-vitro culture (see below). It had lost a cryptic plasmid of mol. wt 85 x lo6 present in the parent strain ( fig. 1) .
Bacterial strains were identified by standard procedures (Isenberg et al. , 1980) . Antibiotic sensitivities were tested by disk diffusion (Bauer et al., 1966) .
Preparation and analysis of plasmid DNA
Partially purified plasmid DNA was prepared essentially as described by Birnboim and Doly (1979) . Samples of plasmid DNA were analysed by agarose-gel electrophoresis as previously described (Zorzbpulos et al., 1984) . Molecular mass estimates were made relative to standard plasmids: R40a, mol. wt 9 6 x lo6; Rldrdl9, mol. wt 62 x 1 06; and Escherichia cofi V5 17 plasmids, of mol. wts 
35S-labelling of bacteria
Organisms were grown in Luria-Bertani (LB) Broth containing tryptone 1% w/v, yeast extract 0.5% w/v and sodium chloride 1% w/v, atpH 7.2 (Maniatis et al., 1982) . After overnight growth at 37°C I ml of the culture was centrifuged, and the pelleted cells were resuspended in 1 ml of M9 minimal medium (Maniatis et a!., 1982) supplemented with glucose 0.2% w/v and 1 mM MgS04; 50 pl of this suspension were inoculated into 1 ml of the same medium containing 0.01 mCi of 3SS-methionine (sp.act. 1098 Ci/mmol; ICN Biomedicals, Inc.) and incubated at 37°C with aeration provided by shaking, to an optical density at 600 nm of 0.6. The bacteria were then washed twice in Adherence Medium (AD) containing 1.2 M NaCl, 0.012 M CaC12, bovine serum albumin 0.04% w/v, and glucose 0.08% w/v, at pH 7.0, a composition aimed to resemble that of natural CSF. The bacteria were resuspended in 200 pl of AD medium and used in the adherence assays (see below). This method resulted in a specific activity of 0.005402 counts/min/bacterium.
Assay of adherence to V-P catheters with radiolabelled bacteria
The capacity of adherence to CSF shunts achieved by strains KMDOl and KMDl 1 was measured by use of %-methionine labelled bacteria with similar specific activities. The catheters examined (Holter V-P shunts) were split longitudinally, cut into 0.5-cm pieces, and positioned with their convex faces on a double sticky face tape attached to a millboard piece. On to the upper concave face of the catheter piece, 1.0 x lo6 3SS-labelled bacteria (5 pl) were pipetted. After incubation for 40 min at 37°C in a humid chamber, the bacterial suspension was absorbed with the border of a filter paper, and the catheter piece introduced with forceps into a 1-5-ml Eppendorf microcentrifuge tube. Usually, four similar catheter pieces were processed for each strain. One catheter piece (no. 1) was conserved without washing. Another piece (no. 2) was washed once with 1 ml of phosphate-buffered saline (PBS) by gentle inversion of the tube three times. Piece no. 3 was washed once with 1 ml of PBS with vigorous agitation by a vortex mixer for 5 s. Piece no. 4 was washed five times by the washing procedure described for piece no. 3. Finally, the catheter pieces were positioned on a millboard piece, as described above, dried with an electric lamp, covered with plastic wrap, and exposed to a Kodak film for 1 or more days. The adherence capacity was evaluated from the autoradiogram by comparison of the catheter pieces submitted to the different washing procedures.
A u t oagglu t ina t ion test
Autoagglutination capacity of each strain was evaluated by subculturing one volume of a fresh overnight LB culture into 100 volumes of minimal Davis broth (Difco Laboratories) containing, per L, K2HP04 7 g, KHzP04 2 g, sodium citrate 0.5 g, MgS04 0-1 g, (NH&SO4 1 g, and glucose 20% w/v 20 ml. This culture was incubated at 37°C for 4 h with continuous shaking. Then the culture tubes were left to stand without shaking at room temperature for a few minutes. Autoagglutination was evaluated visually and recorded by taking photographs of a lateral or a bottom view of the tubes (figs. 4 and 5). In some experiments, bacteria were grown in LB broth until late exponential phase, washed once with minimal medium, and resuspended at a cell density of 
Adherence to glass surfaces
Adherence to standard glass culture tubes was performed essentially as described by Christensen et al. (1982) . Briefly, each strain was grown in LB broth at 37°C overnight in standard borosilicate tubes. Next morning the tubes were emptied by inversion, and adherent growth was considered to be present if a bacterial film was seen on the inner surface of the tube. Ring formation at the liquidair interface was not considered to indicate adherent growth. In some experiments the bacterial film was made more obvious by staining with trypan blue.
Analysis of membrane proteins by SDS-polyacrylamide-gel electrophoresis
Klebsiella strains were grown in LB or in minimal Davis medium as described previously. Membrane fractions were obtained, as described by Schnaitman (1971) , and membrane proteins were resolved in 10% SDS-polyacrylamide gels, as described by Laemmli (1970) . Protein bands were observed after staining with Coomassie brilliant blue R250.
Results
Plasmid content analysis
The multiresistant K . pneumoniae strain KMDO 1 harbours three plasmids of mol. wts (lo6) c. 85, 50 and 2-4 respectively ( fig. 1~ ) .
After overnight incubation of this strain at 37°C in LB broth, up to 5% of the cells were found to have lost the plasmid of mol. wt 85 x lo6, among more than 300 colonies analysed by plasmid content. K . pneumoniae strain KMDl1 is representative of this subpopulation which has lost the large plasmid ( fig. IB) . The plasmid content of strain KMDl I was found to be very stable even after more than 20 passages in vitro. Additionally, both the parent and its derivative presented similar antibiotic-resistance patterns, because the corresponding resistance markers are associated with the plasmid of mol. wt 50 x lo6 or are located along the chromosome (Zorzopulos et al., 1984;  and data not shown).
Adherence to V-P catheters and glass surfaces
As shown in fig. 2 , K. pneumoniae strain KMDl 1 presented a higher capacity for adherence to the inner surface of catheters of V-P shunts in vitro than its parent strain KMDO I . This figure dramatically illustrates that the derivative strain is able to persist, attached to this type of catheter, even after vigorous and repeated washings. Moreover, scanning electronmicroscopy of the incubated catheters showed that complete bacterial cells were attached to these tubes and overnight incubation of these washed catheters in LB broth gave positive cultures, suggesting that the bacteria still attached to the tubes remained viable. However, no attempts were made to quantitate the numbers of viable cells attached to the inner surfaces of the tubes. Furthermore, K . pneumoniae strain KMD11 showed a higher capacity for adherence to glass surfaces than strain KMDOI ( fig. 3) .
Because the interaction between bacterial cells and smooth surfaces may depend on the p H , ionic strength and general composition of the fluid where the cells are suspended, normal human CSF was used in some of the determinations of adherence capacities; results similar to those shown in figs. 2 and 3 were obtained. 
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Culture conditions and au toagglut inat ion
K . pneumoniae strain KMD 1 1 autoagglutinated when cultivated in minimal medium (Davis medium), whereas the parent strain (KMDOl) did not autoagglutinate (fig. 4) . In contrast, neither strain showed any autoagglutination when grown in rich medium (LB broth). When the strains were grown to late exponential phase in LB broth, and were then harvested, washed, and resuspended in minimal medium, both cultures showed instantaneous autoagglutination. However, if after an appropriate dilution (see Materials and methods), cells were further incubated for 4 h in minimal medium, strain KMDOl developed a new population of non-agglutinated cells (fig. 5) . These results suggest that strain KMDO1 has the ability to modify its outer surface in response to a change of cultural conditions and prevent autoagglutination in minimal medium. Fig. 6 shows that the banding patterns of membrane proteins from non-agglutinated cells grown in LB broth were very similar in both strains. However, when the protein profile from nonagglutinated bacteria (strain KMDOl) grown in minimal medium was compared with that from autoagglutinated bacteria (strain K M D 1 1) grown in the same medium, the presence of a polypeptide with an apparent mol. wt of c. 41 x lo3 correlated with the absence of autoagglutination characteristic of strain KMDOl. 
Discussion
A multiresistant strain of K . pneumoniae (KMDOl), isolated from an infected CSF shunt, was compared with its in-vitro derivative (KMDl1). The derivative was more adherent to the surface of V-P catheters, and it autoagglutinated when grown in minimal medium, whereas the parent strain (KMDOl) did not. A protein with an apparent mol. wt of c. 41 x lo3 was detected in membrane fractions from the non-agglutinated cells of strain KMDOl grown in minimal medium, but there was an absence of synthesis or incorporation of this protein in membrane fractions from autoagglutinated cells of strain K M D l l grown in the same medium.
The results suggest that the bacterial surface structures of these strains are different. Since strains KMDO1 and K M D l 1 constitute a pair of isogenic strains, one with and one without a plasmid of mol. wt 85 x lo6, the association of this plasmid with the phenotypic differences between the strains is strongly suggested. Interestingly, Skurnik et al.
(1 984) have recently described that autoagglutination in Yersinia spp. correlated with the synthesis of a specific outer-membrane protein. However, in that system the expression of the specific protein was associated with the presence of a virulence plasmid in the autoagglutinable strain, and the virulence plasmid has been associated also with epithelial cell adherence.
It is well known that nosocomial multiresistant strains of K. pneumoniae display a large diversity of plasmid profiles, and that many of these plasmids are exchanged between different strains with high frequency in defined environments such as the nosocomial ones (Datta et al., 1979; Denoya et al., 198 1; Rubens et al., 198 1) . Similarly, the K . pneumoniae strain KMDl 1 described in this work has been obtained with a high frequency during culture of the parent strain KMDO1 in vitro. The generation in nature of new variants of bacterial strains with a higher adherence capacity to V-P catheters and, by deduction, with enhanced colonisation effectiveness for shunts, seems reasonably likely. Such phenotypic acquisitions could explain the survival of some bacterial strains infecting implanted shunts, even after appropriate antimicrobial therapy (James et al. , 1980) . Other factors, also, could favour the adhesion and survival of bacteria in the catheters, such as p H and chemical alterations of the CSF, or a reduced flow of CSF, during shunt malfunction and infection; and structural irregularities in the inner surface of V-P catheters may permit microcolonies to anchor and hide (Guevara et al., 1981) .
It has been demonstrated that fimbriae (pili) mediate adhesion of Klebsiella strains to mammalian epithelial cells and erythrocytes (Duguid and Old, 1980) and to plant roots (Korhonen et al., 1983) . Less is known about the components and factors involved in the adhesion of Klebsiella cells to inert surfaces. Long hydrophilic extensions of the bacterial cell, like fibrous polysaccharides of the glycocalyx, and proteinaceous structures including flagella, pili and glycoprotein rods, have been assigned a possibly significant role during the first step of bacterial adhesion to smooth surfaces (Costerton et al., 1981) . However, a detailed understanding of the adhesion of K. pneumoniae to V-P shunts cannot be assessed without further information.
The strains and experimental system described here seem to be suitable for further study of the molecular basis of such adherence. This type of study should also contribute towards the development of improved V-P catheters or therapy aimed at diminishing or eliminating bacterial adherence to CSF shunts. Meanwhile, the removal of an infected shunt, and its replacement with a new one after suitable antimicrobial therapy, seems advisable in order to avoid repeated infections.
We thank J. Guevara and G. Zuccaro for providing us with CSF catheters, and useful discussions, and A. Howard for expert secretarial assistance. 
